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Abstract. In this paper we present the visualization of the out-of-plane displacement
ﬁelds produced by Rayleigh and Lamb waves on aluminium surfaces, using a double-
pulse TV holography technique.
This method presents several interesting characteristics, as the possibility to make
whole-ﬁeld remote measurements of the instantaneous acoustic displacements, with a
good immunity to environmental perturbations.
We also show examples where diﬀerent surface and subsurface ﬂaws have been
detected, demonstrating the great potential of this technique for non-destructive testing
in industrial applications.
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1. Introduction
The combination of ultrasonics and optical detection techniques is a subject of
outstanding interest for non-destructive testing (NDT), that exploits the deep-
penetration capability of elastic waves and the true remote detection nature of optical
methods. Several schemes have been reported up to now to materialize practical
inspection techniques, but in all of the cases the basic principle relies on a three-step
process: i) excitation of an adequate ultrasonic ﬁeld propagating in the part to inspect,
ii) interaction of the ultrasonic wave with the mechanical properties (elastic constants,
density distribution, etc.) or with the ﬂaws (cracks, voids, etc.) of the part, and
iii) monitoring by optical means of the velocities or displacements associated to the
ultrasonic wave.
One of the most usual schemes is the so called “laser ultrasonics”, in which the
acoustic excitation is generated by focusing a high-power laser beam on the object
surface, while a laser Doppler velocimeter (or some other type of focused optical probe)
is used to record the temporal evolution of the velocity of an adjacent surface point
[1, 2]. This single-channel detection scheme is adequate for obtaining a high bandwidth
(i.e., a high temporal sampling rate) and, simultaneously, a high frequency resolution
in the sampled signal spectrum (i.e., a large number of samples). However, it presents
limitations for inspection tasks in which a whole surface must be checked, being the usual
solution in this case to make a sequential point-by-point scanning of the excitation-
detection process along a predeﬁned array of positions [3]. The main drawbacks of
this scanning approach are that it is a time-consuming process and that some kind of
mechanism is necessary to perform the scan.
A diﬀerent approach for the inspection of extended surfaces is based in generating
an ultrasonic ﬁeld wide enough to cover simultaneously all the detection points and
performing the acquisition in parallel. As early as in the 70’s, some authors reported the
capability of whole-ﬁeld interferometric techniques (namely, holographic interferometry,
HI) to detect defects by seeking for alterations of dynamic elastic ﬁelds conveniently
induced in the part to be inspected [4]. Stationary ﬂexural resonant modes as well
as transient bending waves in plates and shells have been mainly explored, but also
ultrasonic ﬁelds in the strict sense were tried, speciﬁcally, Rayleigh waves.
Rayleigh waves are a kind of surface acoustic waves (SAW) that propagate along
the surface of an isotropic half-space [5]. Their capability to travel over long distances
with low attenuation and their nondispersive character make them a kind of ultrasonic
energy particularly well suited for NDT purposes. Already in the 50’s decade it was
realized that Rayleigh waves could be used to detect cracks and other defects either
open to the surface of a solid body or located inside the material, near the surface [6].
In the past, the results achieved with HI techniques were, in general, rather poor
for all the excitation-detection combinations explored. A lot of eﬀort and human
intervention was then necessary to inspect a given part with a reasonable conﬁdence
level. In the case of Rayleigh waves, one of the main reasons for this was the poor fringe
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contrast due to the very small wave amplitude attainable with the employed transducers.
The evolution of lasers, electronics, interferometry and ultrasonic technologies
allowed in the 90’s the visualization of the ultrasonic ﬁelds of Rayleigh waves and other
SAW with amplitudes in the range of tens of nanometres by HI, with a quality good
enough to detect discontinuities (holes, slots) with a size of a fewmillimetres in plates [7].
However, HI techniques need a photosensitive medium with high spatial resolution to
record the holograms (photographic, thermoplastic, photorefractive, bacteriorhodopsin,
etc.) that even nowadays imposes strong limitations for their widespread use in
industrial environments (the room must be darkened, developing and reconstruction
processes are needed, the holographic equipment is generally fragile, the cost of each
hologram is relatively high, etc.).
An alternative to solve these problems is to use some of the techniques known under
the common denomination of TV holography (TVH) [8], also called ESPI, based in the
recording of holograms with a video camera and their processing by electronic means,
either analog or digital. However, TVH presents a drawback with respect to HI: the
presence of resolvable speckle in the output image contributes to the noise, degrading
the sensitivity. For this reason, the detection of the subtle and very fast modulation
of the phase of the optical wavefront scattered from a surface, due to the propagation
of a SAW on that surface, needs a reﬁned experimental system and a careful fringe
processing method.
Recently it was presented a technique that uses ESPI to measure the displacement
ﬁelds of Lamb waves (another kind of SAW) by freezing these ﬁelds with stroboscopic
laser pulses [9]. This technique also permits the detection of ﬂaws, including their
localization and an estimation of their dimensions and shape. We believe that an
interesting alternative is to use double-pulse TVH because it is much less sensitive
to environmental perturbations due to its short exposure time (a few microseconds) and
because its transient nature –in contrast to the stationary nature of the stroboscopic
techniques– allows to complete the measurement process before undesirable reﬂections
take place, and hence it is not necessary to use acoustic absorbers at the edges of the
sample.
In the following, we describe the main items of our experimental equipment and
the method adopted for the generation and detection of SAW. We present some ﬁrst
results showing the interaction of SAW with artiﬁcially introduced defects (a slot and
a ﬂat bottom bore not open to the inspected surface) where typical wave phenomena
such as diﬀraction can be seen. We expect that the spectrum of detectable defects can
be widened in the future to real cracks in parts of industrial interest of very diﬀerent
thickness (wings, vessels, propellers, etc.).
2. Experimental Techniques
Concerning the generation of SAW, we chose the prismatic coupling block method,
due to the purity of the Rayleigh waves that it generates. In addition, its reliability,
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simplicity of operation andmoderate cost are other positive factors [6]. The generation of
SAW with this method is a consequence of the total reﬂection of longitudinal (P) waves,
produced by a piezoelectric transducer, propagating into a plastic wedge acoustically
coupled with the test surface. In our arrangement, the wedge is coupled to diﬀerent
aluminium slabs and plates with glycerine whilst the piezoelectric transducer and the
wedge are coupled using honey. The piezoelectric transducer is excited by a generator
that periodically emits bursts of voltage pulses synchronized with an external trigger
signal, being user-selectable the number of pulses per burst (from 1 to 99). The nominal
frequency of the pulses within each packet is also selectable to match the resonance of
the crystal. In our case, we worked at fM = 1 MHz.
A previous independent measurement using a point speckle Michelson interferom-
eter let us know that the SAW produced with our wedge system on an aluminium slab
has out-of-plane amplitudes in the range of 10 nm [10].
It is also possible to generate Rayleigh waves in an elastic body from a remote
location, using a pulse of a high-power laser, but we must solve some inconveniences
before using this method. For example, taking into account that, to match the TVH
sensitivity, the amplitude of the displacements should be as large as possible (in the
range of tens of nanometers), the most adequate generating regime is the ablation
one. However, it requires to protect the laser impact zone by interposing a target
of suitable material acoustically coupled with the surface to inspect. On the other
hand, the thermoelastic regime can produce Rayleigh waves too, but their amplitudes
are much smaller and it is not easy to select the optimal laser power density for this
regime [11]. All these diﬃculties should have to be overcome in the future as a previous
step to develop a fully remote NDT tool and, for the exposed reasons, in this early stage
of development we preferred to work with a well-known contact method.
To detect the waves we have used a variant of the double-pulse TVH technique [12],
that allowed us to visualize the instantaneous displacement ﬁelds produced by the SAW.
A scheme of the TV holography system used can be seen in ﬁgure 1. The illumination
and observation geometry was conﬁgured for the detection of the instantaneous out-
of-plane component z (x, t) of the surface displacement. Therefore, the object phase
diﬀerence ﬁeld for each state of the measurand is given by the expression
φo (x, t) = −4π
λ
z (x, t) (1)
where x = (x, y) is the position on the image plane, t is the time and λ is the wavelength
of the employed laser, and we have selected the direction z > 0 from the slab towards
the CCD.
In particular for SAW, the displacement can be locally described as
z (x, t) = zo (x, t) cos
(
ϕo + kM · x− ωMt
)
(2)
where zo is the amplitude, ϕo and kM are the mean values in the considered region of
the initial phase and of the wave vector (scaled to the image plane) and ωM = 2πfM is
the angular frequency of the SAW.
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Due to the fast nature of the phenomenon to measure (the Rayleigh wave
propagation speed in aluminium is  3000 m s−1), it is necessary to use a pulsed laser
with a pulse duration of few tens of nanoseconds in order to freeze the ultrasonic ﬁeld.
In our case, a twin cavity Nd:YAG pulsed laser, producing 25 double pulses per second,
is employed and its infrared beams are frequency doubled in order to duplicate the
sensitivity of the interferometer and also to make alignment and signal detection easier
and safer. The laser radiation must be single mode, both longitudinally and transversely
and the wavefronts emitted from the two cavities must be matched, that is, the phase
diﬀerence between them must have the same value at all the points. The resultant green
laser radiation (λ = 532 nm) is split into the reference beam and the object beam, which
is expanded by a negative lens and illuminates the object surface. The light scattered
from it and the reference beam are added coherently by means of a beam combiner and
imaged onto the photosensitive surface of a fast non-interlaced interline transfer CCD
camera. Of course, the optical path diﬀerence between the object and reference beams
must be smaller than the coherence length of the laser (about 6 m in our case). The
camera allows to record two separated images with full spatial resolution (1280 × 1024
pixels) separated down to 1 µs, it is thermoelectrically cooled and digitizes the data
with a resolution of 12 bits, yielding a very low noise ﬂoor. The laser, the camera and
the excitation of the wave are accurately synchronized using two high-precision digital
delay generators and two custom synchronizing electronic stages, which schedule the
main events involved in the process, namely, the triggering of the laser ﬂash lamps and
Q-switches, of the camera integration period and of the Rayleigh wave generator.
We record two primary correlograms, one for each laser light pulse; each
correlogram, then, corresponds to the state of the dynamic deformation of the object’s
surface at the instant tn (n = 1, 2), and can be written as follows
In = gIo [1 + V cos (ψp − φr,n + φo,n)] (3)
where In = In (x) is the primary correlogram corresponding to the pulse of cavity
n (n = 1, 2), g = g (λ) is the spectral sensitivity of the camera, Io = Io (x) is the
local central value of the intensity, V = V (x) is the local visibility, ψp = ψp (x) is
the random phase diﬀerence of the interfering speckle patterns, φr,n = φr (x, tn) is the
reference phase diﬀerence and φo,n = φo (x, tn) [8]. Both recordings are separated by
the minimum number of half periods of the SAW that the experimental system allows
(in our case three half periods), in order to maintain the maximum object displacement
between correlograms (see ﬁgure 2) while reducing the environmental noise as much as
possible, therefore
t2 = t1 +
3π
ωM
(4)
In order to obtain observable fringes it is necessary to produce secondary
correlograms, that are generated by subtraction and full-wave rectiﬁcation to maximize
the sensitivity to small displacements [13]. The resulting secondary correlograms follow
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the equation
I˜fw = |I1 − I2| = 2gIoV
∣∣sin (ψp + φ¯o − φ¯r)∣∣
∣∣∣∣sin ∆φo −∆φr2
∣∣∣∣ (5)
where φ¯o = φ¯o (x) is the mean object phase diﬀerence, φ¯r = φ¯r (x) is the mean reference
phase diﬀerence, ∆φo = ∆φo (x) is the change of the object phase diﬀerence and ∆φr is
the change of the reference phase diﬀerence, all of them calculated between both light
pulses [8]. It is remarkable that ∆φr does not depend on the spatial coordinate x if the
two laser cavities are matched between them.
The changes of the local average brightness (deﬁned as B = 〈I˜ (x)〉, with 〈·〉 the
spatial average in the neighborhood of x) create a fringe pattern that can be easily
noticed in the display, and that for full-wave rectiﬁcation follows the expression
Bfw =
4
π
g 〈IoV〉
∣∣∣∣sin ∆φo −∆φr2
∣∣∣∣ (6)
Taking into account equations (1) , (2) and (4) and assuming that the amplitude of
the SAW z0 is constant in time, it results
Bfw =
4
π
g〈IoV〉
∣∣∣∣sin
{
4π
λ
zo(x) cos
[
ϕo(x) + kM · x− ωMt1
]
+
∆φr
2
}∣∣∣∣ (7)
If the optical interferometer is set slightly over the quadrature point by selecting a
small positive value for ∆φr, thus maintaining positive in every point the value of the
argument of the sine function in (7), the local average brightness can be approximated
by
Bfw ≈ Bo + 16g〈IoV〉z (x, t1)
λ
(8)
beingBo a constant. So, the average grey level Bfw of the output image is approximately
proportional to the instantaneous absolute out-of-plane ultrasonic displacement at each
point. Only there is a gross error in the zones corresponding to the ﬁrst and last fringe
of each burst, due to the non stationary nature of the measure.
3. Experimental Results and Discussion
Before performing ﬂaw detection studies on the surface and subsurface of elastic solids
by SAW, it is convenient to make a complete characterization of the displacement ﬁelds
produced on defect-free samples. The ﬂaw detection and characterization are based,
mainly, in the observation of the perturbations experienced by the elastic ﬁelds due to
the irregularities introduced by the defects.
Figure 3 shows a secondary correlogram where we can observe a map of the out-of-
plane component of the relative displacement produced by a SAW between two instants
as described in the preceding section. The number of pulses of the burst used in the ﬁgure
is long enough to cover the entire inspected area but, at the same time, the acquisition
is synchronized to be complete before the wavefront reaches the edges of the part,
to avoid the occurrence of reﬂected waves that could interfere with the primary one.
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The image was recorded from an aluminium slab of prismatic shape with dimensions
400 mm× 130 mm× 30 mm. In this case the slab thickness is one order of magnitude
larger than the wavelength, which allows the generation of SAW whose behaviour is
very similar to that of theoretical Rayleigh waves.
To ensure that our measured ﬁelds were produced by Rayleigh waves instead of
any other kind of waves, such as bulk shear (S) waves, we measured the propagation
velocity of the generated waves. It was performed with a Michelson point interferometer
by measuring the propagation time between several pairs of points. We obtained a
value of (2976± 60) ms−1, which is compatible with the commonly accepted values for
the aluminium: (2900± 100) ms−1. In addition, the velocity determined satisﬁes the
theoretical conditions
0 < cR < cS (9a)
0.874 < (cR/cS) < 0.955 (9b)
where cR and cS are the velocities of Rayleigh and S waves respectively [11] and
cS = (3130± 5) ms−1 for the aluminium.
In Rayleigh waves each point of the surface describes elliptical trajectories on planes
normal to the surface plane. It must be recalled that we only observe the out-of-
plane component of a relative displacement between two instants, chosen in such a way
that this component is very similar to twice the instantaneous absolute out-of-plane
displacement of the surface induced by the SAW.
The maximum out-of-plane relative displacement, previously measured with the
Michelson point interferometer, is of 20 nm at the foot of the wedge. In addition,
one can see in the ﬁgure 3 that the loci of the surface points with identical out-of-
plane displacements present a slight curvature. Although this was already seen from
our preliminary measurements with the Michelson point interferometer, we could not
get a precise quantitative determination of this curvature because of the intrinsic errors
inherent to the point method. This shows one of the advantages of whole-ﬁeld techniques
like TVH when compared with the point techniques: with the TVH system, the full
instantaneous ﬁeld can be determined with lower errors and with just one measurement.
Analyzing the same ﬁgure, it is clear that a contrast inversion takes place in the 7th
fringe from the left, appearing bright fringes at the places where there should be dark
ones. Also, there is a frequency doubling eﬀect in the surrounding area. These two
eﬀects are entirely due to the correlogram formation technique and are produced by a
drift of the term ∆φr along the image such that the total phase, detailed in equation
(7), crosses the zero value. This undesired gradient of ∆φr is, in our system, due to
a lack of matching between the wavefronts emitted from both cavities, but it can be
practically eliminated (as in ﬁgures 4 and 5) by a careful internal alignment of the laser.
In ﬁgure 4a-g we can see a sequence of images taken at intervals of 1.5 µs, showing an
incident SAW burst of 4 pulses that propagates on the surface of a prismatic aluminium
sample, with similar dimensions to the above mentioned one. This slab has one major
artiﬁcial defect, consisting of a 6 mm diameter ﬂat bottom bore perpendicularly drilled
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on the opposite side to the propagation surface, being its depth 1 mm less than the total
thickness of the slab (ﬁgure 4a). Observing the images in this ﬁgure, we can see that
the bore produces noticeable eﬀects in the fringes. In ﬁgure 4a and 4b we can see the
SAW burst while propagating near the wedge. The fringes keep their original curvature
(concave as seen from the source). Then in ﬁgure 4c we can see that the fringes suﬀer a
change of curvature in a zone situated near the projection of the actual position of the
bore. The SAW velocity is lower in the low-thickness region limited by the bore bottom
and the free surface, being the refraction of the wave the most probable cause of such
a distortion. In the ﬁgures 4d-g, the evolution of the perturbed fringes can be seen.
In ﬁgure 4h a similar eﬀect is observed for a long burst. This example demonstrates
the evident potential of our technique for the detection of subsurface ﬂaws in NDT of
materials.
Another example of the possibilities of the double-pulse TVH method can be seen
in the ﬁgure 5. This image presents a correlogram of the out-of-plane displacement
ﬁeld, taken from an aluminium plate with a thickness of 3.5 mm; as the ultrasonic
wavelength is of the same order of magnitude than the plate thickness, Rayleigh waves
are not possible here but an ultrasonic SAW of the Lamb type has been generated
[6]. In this ﬁgure, we can observe a diﬀraction phenomenon of the SAW burst by a
slit made across the entire sample thickness, oriented perpendicular to the direction of
propagation and of dimensions 30 mm×0.7 mm. The incident wavefront reaches the slit
and a simple examination permits us to conclude that a diﬀraction eﬀect is produced,
since the tip of the slit behaves like a secondary wave generator. Also, a reﬂected wave
that interferes with the incident one appears, forming a standing wave pattern in the
zone between the slit and the wedge.
4. Sensitivity Limit
The evaluation of the ultimate capabilities of the presented technique with respect to
the detection of cracks or other defects will require a huge amount of work, related
mainly to the analysis of the diﬀerent possibilities for the ultrasound generation and of
the interaction between the elastic waves and the defects. Both subjects require a very
specialised knowledge and technology and, by the moment, we have not any estimation
about the size of the minimum detectable defect. Nevertheless, an estimation of the
sensitivity limit of the optical sensing technique can be made as follows.
The minimum out-of-plane displacement, ∆zmin, that our TVH system can detect
can be derived from the condition
[∆Bfw]min = [ε (Bfw)]rms (10)
where ∆Bfw is the diﬀerence in the output signal due to a displacement ∆z, and the
right term is the root-mean-square (rms) value of the total noise at the output. To
optimize the signal, it is convenient to rewrite (8) as
Bfw ≈ Bo + 32g〈Is〉
√
κ
z (x, t1)
λ
(11)
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being κ the beam ratio:
κ =
Ir
〈Is〉 (12)
and Ir the reference beam intensity and 〈Is〉 the average intensity of the object beam,
both measured at the CCD target. We have supposed that both beams have the same
polarization state and that the modulus of the degree of coherence is one (necessary
conditions for a fully modulated interference) and also that the speckle is completely
resolved by the camera and that the spatial variations of the output Bfw are small into
each the speckle grain (typically there should be more than 5 speckles into each bright or
dark fringe). The selection of the optimum values of 〈Is〉 and κ is made by maximizing
the product 〈Is〉
√
κ, with the restriction that the saturation of the CCD at the bright
speckles should be avoided. Following the criterium exposed in [8], it can be derived
that representative optimum values are κ = 1 and
g〈Is〉 = Isat/6 (13)
and the mean intensity of the primary correlograms is
g〈Io〉 = Isat/3 (14)
being Isat the intensity that produces saturation of the CCD camera. So, from (11) and
(13),
∆Bfw ≈ 32NW
6
∆z (x, t1)
λ
(15)
being NW the full charge well capacity of the CCD camera (in our case, NW=25000
electrons).
For the calculation of the total noise at the output we will take into account that
the output, Bfw, is a spatial average of the numerical diﬀerence between two previously
digitized primary correlograms. Since no noise is added in the subtraction process,
only the noise present in both primary correlograms In (n = 1, 2) is composed. The
integration time of the CCD camera is very short (about 130 microseconds) for the
ﬁrst primary correlogram, and 125 milliseconds for the second one. In any case, the
contributions of the background light and of the dark current, integrated along the
time, are very low compared to the contribution of the laser light and they can be
neglected. Also, the noise associated to the background light and the noise ﬂoor (this
last includes the dark current noise) are both negligible. If we assume that the pattern
noise is not relevant (the pattern noise depends mainly on the camera quality and does
not constitute a fundamental restriction), then the term that dominates is the photon
shot noise, εpe(In), whose rms value, measured in charge units, is equal to the square
root of the number of photoelectrons in each pixel corresponding to the mean intensity
level [14]. In our case this mean level is given by (14) and results
[εpe(In)]rms =
√
NW/3 (16)
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For example, the noise ﬂoor of our camera (speciﬁed as the readout noise) is 8
electrons while the mean light level of each correlogram is about 8000 electrons and
its corresponding photon shot noise rms level is about 90 electrons.
The composition of the photon shot noise of both primary correlograms can be
made, supossed statistically independent, by adding their powers:[
εpe(I˜fw)
]
rms
=
√
2 [εpe(In)]rms (17)
On the other hand, the image I˜fw has a strong high frequency spatial modulation due
to the speckle. This can be considered noise and several methods have been reported to
reduce it in order to obtain the desired signal, related to the deterministic components
of the interfering intensities and phases. We will consider that, for the purpose of
calculating the sensitivity limit, this speckle can be totally averaged or ﬁltered, not
contributing to the noise in the output. Finally, it is convenient to check that the
quantization noise εq(I˜fw) does not contribute appreciably to the total noise. That
noise has the expression[
εq(I˜fw)
]
rms
=
NW
2N
√
12
(18)
with N the number of bits of the analog-to-digital converter [14]. In our case, N = 12
and, comparing (18) with (17), it is clear that the quantization noise can be neglected.
So, the ﬁnal value of the noise is
[ε(Bfw)]rms =
√
2
3
NW (19)
From (10), (15) and (19)
∆zmin ≈ λ
√
3
128NW
(20)
that, for λ = 532 nm and NW = 25000 electrons, yields a value ∆zmin = 0.5 nm.
It is not surprising that the noise and the sensitivity limit does not depend on the
detection bandwidth, because we use pulsed illumination and each pulse is integrated by
the detector rendering an unique temporal sample. In each pixel of the camera, the time
interval between pulses is not relevant for the noise because the statistical ﬂuctuation of
the photoelectron ﬂux is evaluated over the total number of photoelectrons generated in
one pixel during a laser pulse, instead of being evaluated continuously with an integration
time inversely proportional to the bandwidth. On the other hand, the total number of
temporal samples of our "signal" is two, so it is not very appropriate to think in terms
of detection bandwidth.
A further improvement of the presented technique, currently in course of realization,
is the implementation of an automatic phase evaluation procedure. From the diﬀerent
reported methods to extract the phase from an unique secondary correlogram, we can
highlight the Spatial Carrier Phase Shifting [15], the Spatial Synchronous Detection [16]
and the Fourier Transform Method (FMT) [17]. Probably the FTM is the most versatile
for our purposes but further work has to be made in this subject to estimate the actual
performances of the whole optical sensing chain and the sensitivity limit.
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5. Conclusions
We have investigated the out-of-plane displacement ﬁelds produced by Rayleigh and
Lamb waves on the surfaces of samples of aluminium, using a double-pulsed TVH
technique under diﬀerent situations. The main advantages of this method are the
possibility of remote measurement of the complete ﬁeld of the phenomenon under
inspection with high temporal resolution, as well as its practically real-time visualisation
and a high immunity to environmental perturbations due to the short temporal gap
between both exposures.
These characteristics are of utmost importance for detecting surface and subsurface
ﬂaws, especially for industrial applications and this kind of nondestructive inspection is
one of the most promising application ﬁelds of the presented technique.
Also, because of mathematical diﬃculties in the analytical studies of the scattering
of Rayleigh and Lamb waves by defects, we think that our technique could be employed
to acquire valuable empirical data for the validation of the theoretical predictions.
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Figure captions
Figure 1. Experimental set-up for the generation and detection of SAW.
Figure 2. Triggering of the laser pulses in both cavities, relative to an ultrasonic
burst. A spatial representation of the wave for the two triggering instants of the laser
cavities can be seen in the small boxes.
Figure 3. Secondary correlogram corresponding to a long burst of Rayleigh waves
that propagates on an aluminium surface. The average grey level at each point is,
approximately, proportional to the instantaneous absolute out-of-plane displacement
due to the ultrasonic wave. The actual size of the ﬁeld of view is 83 mm × 63 mm
and the shadow on the right side is the wedge of the wave generator.
Figure 4. a-g) Sequence of secondary correlograms corresponding to a burst of
Rayleigh waves with 4 pulses, propagating over a subsurface defect (bore). The
elapsed time between two consecutive images of the sequence is 1.5 µs. h) Long burst
propagating over the same ﬂaw. The circular marks in a) and h) indicate the vertical
projection of the bore. It is evident the distortion of the wavefront due to the presence
of this defect. The actual size of the ﬁeld of view is 76 mm × 61 mm.
Figure 5. Diﬀraction and reﬂection of Lamb waves on an aluminium plate by the
presence of a slit (vertical in the ﬁgure). The actual size of the ﬁeld of view is
80 mm × 64 mm.
NDT with SAW using double-pulsed TV holography 14
    
   	 

    
        
   
   
      
      
            
         
  
        	 
      
      
	       
    !  	     " 
 #   	    $    
%         
      &      
	         
'       	  
(    
   
  )   
   	 

Figure 1. Experimental set-up for the generation and detection of SAW.
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Figure 2. Triggering of the laser pulses in both cavities, relative to an ultrasonic burst.
A spatial representation of the wave for the two triggering instants of the laser cavities
can be seen in the small boxes.
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Figure 3. Secondary correlogram corresponding to a long burst of Rayleigh waves
that propagates on an aluminium surface. The average grey level at each point is,
approximately, proportional to the instantaneous absolute out-of-plane displacement
due to the ultrasonic wave. The actual size of the ﬁeld of view is 83 mm × 63 mm and
the shadow on the right side is the wedge of the wave generator.
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a) b)
c) d)
e) f)
g) h)
Figure 4. a-g) Sequence of secondary correlograms corresponding to a burst of Rayleigh
waves with 4 pulses, propagating over a subsurface defect (bore). The elapsed time
between two consecutive images of the sequence is 1.5 µs. h) Long burst propagating
over the same ﬂaw. The circular marks in a) and h) indicate the vertical projection of
the bore. It is evident the distortion of the wavefront due to the presence of this defect.
The actual size of the ﬁeld of view is 76 mm × 61 mm.
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Figure 5. Diﬀraction and reﬂection of Lamb waves on an aluminium plate by the
presence of a slit (vertical in the ﬁgure). The actual size of the ﬁeld of view is
80 mm × 64 mm.
